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MATERIALS AND METHODS
This study was performed in two phases: a survey component that asked about hospital RBC selection and transfusion practices and a data collection component where the participants submitted information on their hospital's group O RBC issuing practices.
Part 1: survey on RBC transfusion practices and selection of RBC units
The survey was conducted in English under the auspices of the Biomedical Excellence for Safer Transfusion (BEST) Collaborative and was designed by a working group of international BEST members. The survey was then piloted with other BEST members from around the world to ensure its clarity and comprehensibility. A link to the final version of the survey was distributed via e-mail to all members of the BEST Collaborative who were encouraged to both complete the survey and forward the link to other colleagues at different institutions. Thus, the total number of hospitals that received the link to the survey is not known. Hospitals of any size could participate and there was no minimum number of RBC transfusions required to participate.
The survey was based on the 2013 calendar year and it requested information on hospital demographics including hospital type, clinical services offered, hospital size, and distance from blood supplier. The survey was sent out at the end of the 2014 calendar year. Information on hospital transfusion practices and policies was also collected: the mean daily RBC unit inventory levels, the mean number of RBC units transfused, use of group O RBC units exclusivity for specific patient populations, maintaining group O RBC units in refrigerators outside the blood bank and their location, uncrossmatched RBC transfusion practices, and hospital definition of childbearing age vis-a-vis female recipients.
Part 2: data collection on RBC utilization
Upon completion of the survey in Part 1, participants were e-mailed electronic data collection forms. Upon completion, these forms were returned electronically to McMaster University where they were archived and analyzed. The following data were collected in this part of the study: the number and ABO/D of the transfused RBC units, ABO/D of recipients, the service or hospital location to where the RBC units were issued, the total number of RBC units of all ABO groups issued to each hospital service area, and the total number of group O units issued to non-O recipients by service area. Participants were asked to provide the indication for group O RBC units issued to non-O recipients. The forms were completed locally at each center for the calendar year 2013 with either monthly or quarterly RBC transfusion data, depending on the participant's reporting capability from their laboratory information system. This study protocol was approved by the Hamilton Integrated Research Ethics Board, and all participants obtained the necessary ethics approvals at their institutions.
Statistical analysis
All data analyses were performed by a biostatistician at the McMaster Center for Transfusion Research using computer software (SAS 9.3, SAS Institute). Subanalyses stratifying these percentages by hospital size and distance from blood supplier were also performed. The percentage of transfused group O RBC daily inventory was compared across hospital size and distance from blood supplier using the Kruskal-Wallis test and the Wilcoxon rank-sum test. Wilcoxon rank-sum test was also used to compare mean percentages of RBC transfusions by ABO/D of donor and recipient across varying sizes of hospital (large, >1000 beds; medium, 250-999 beds; small, <250 beds). Univariate generalized linear models using beta distribution were performed to investigate the association of various factors with the percentage of group-O RBC units transfused to non-O recipients, which was a continuous variable between zero and one. The factors included were hospital size, services offered, distance from blood supplier, inventory management, and hospital RBC transfusion policies.
A p value of less than 0.05 was considered significant for all statistical tests.
Due to the significantly lower rate of D-RBC units and recipients the Japanese contribution to the study was highlighted. Not all hospitals answered each question in the survey or provided complete information on hospital transfusion patterns by location or indication. Denominator values were adjusted accordingly.
RESULTS
Part 1: survey on hospital RBC unit selection practices Hospital demographics Thirty-eight hospitals in 11 countries responded to the survey. Responses were received from Australia, Brazil, Canada, Denmark, Germany, Japan, Netherlands, Norway, Poland, the United Kingdom, and the United States. At these hospitals a total of 540,883 RBC units were transfused during the 2013 calendar year. The demographics of the participating hospitals are summarized in Table 1 . The clinical services offered at these hospitals were variable (Table 1) .
RBC inventory
Though not statistically significant, larger hospitals tended to transfuse a larger proportion of their daily inventory of group O RBC units, as compared to small and medium hospitals (Fig. 1) . In terms of the group O D-inventory, large, medium, and small hospitals transfused daily, 24.3% (n 5 6), 9.9% (n 5 16), and 17.5% (n 5 8) of their total inventory, respectively (p 5 0.21; five hospitals did not provide inventory information and three hospitals did not carry group O D-RBC inventory, all from Japan). In terms of group O D1 inventory, large hospitals transfused daily 36.8% (n 5 8) of their total inventory compared to 20.1% (n 5 17) and 21.8% (n 5 8) at medium and small hospitals, respectively (p 5 0.26; five hospitals did not supply inventory information; Fig. 1 ).
No significant difference was found between the mean percentages of group O D-daily inventory transfused at hospitals located more than 50 km (14.0%, n 5 9) versus less than 50 km (15.6%, n 5 20) from their blood supplier (p 5 0.75). Two hospitals did not provide distance information.
Hospital policy for transfusing group O RBC units
Fourteen (36.8%) hospitals maintained one or more remote refrigerators containing a mean of 11.0 6 12.4 group O D-RBC units and a mean of 14.0 6 22.2 group O D1 RBC units. The locations of these refrigerators were in the operating room, emergency room, intensive care units (medical and surgical), oncology day service, air ambulance sites, and satellite dispensing stations. At 24 of 38 (63.2%) hospitals, all patients in need of uncrossmatched that these were in the context of stem cell transplantation. These units have not been excluded from the analysis because they do not have a significant impact on the group O blood utilization. Of note, one hospital from Japan provided disposition data on 17,148 RBC units (4.1% of total analyzable RBC units).
Thirty participants contributed data to this part of the study. Overall, 11.1% (21,235/191,397) of the group O RBC units were transfused to non-O recipients. The mean percentage of group O RBC units transfused to non-O recipients was similar in large, medium, and small hospitals (7.6, 12.2, and 13.1%, respectively; p 5 0.29), although there was considerable variability surrounding these mean percentages ( Fig. 2A) . 
RBC transfusion patterns by hospital location
Of the 30 hospitals that contributed to data on RBC transfusion patterns, 22 (73.3%) contributed to transfusion patterns by location and 21 (70%) to transfusion patterns by indications. The most common area of the hospital where group O RBCs were issued to non-O recipients was on the regular wards (Fig. 3) . Sixteen hospitals with a NICU contributed transfusion data by location; of these, nine (56%) provide exclusively group O RBC units to neonates, four 
Associations between utilization and hospital characteristics and policy
Univariate analyses for the percentage of group O RBC units transfused to non-O recipients demonstrated no significant associations with hospital characteristics or hospital transfusion policy (Fig. 4) . However, some trends were identified. Hospitals with cardiovascular, canceroncology, and obstetrics services reported transfusing a smaller percentage of group O RBC units to non-O recipients. Hospitals that provided exclusively group O RBC units to neonates had a higher rate of transfusing group O RBC units to non-O recipients.
Univariate analyses demonstrated a significant association between the rate of transfusing group O D-RBC units to non-O D-recipients (i.e., recipients who are group A, B, and AB D1 and D-and group O D1) and hospital size: small and large hospitals had a lower percentage of transfusing group O D-RBC units to non-O D-recipients compared to medium-sized hospitals (Fig. 5) . Likewise This study demonstrates that 11.1% of group O RBC units were transfused to non-O recipients. In some circumstances, such as in bleeding emergencies when the recipient's blood group is unknown, this practice is unavoidable, and this was the predominant indication provided for issuing group O RBC units to non-O recipients. The second most common reason for issuing group O RBC units to non-O recipients was because the units were close to expiry. This is an avoidable reason for issuing group O RBCs to non-O recipients and it relates more to inventory management than transfusion policy. Some retrospective studies question the safety of providing compatible, nonidentical RBC transfusions. 4, 5 A recent review of 18,843 non-O inpatients showed increased inhospital mortality amongst the group A patients who received non-identical blood compared to patients who received group-identical blood. 4 Prospective, randomized studies comparing patient outcomes associated with receiving ABO-compatible versus ABO-identical RBC transfusion would be required to determine if this association is causal. In this study, 22.6% of group O D-RBC units were transfused to group O D1 recipients, and 43.2% of group O D-RBC units were transfused to non-O D-recipients. This practice creates a challenge for blood suppliers. According to Canadian Blood Services data, only 7% of the Canadian population is group O D-. 6 The GROUP study The majority (74.2%) of hospital respondents reported that group O RBC units are exclusively transfused to all neonates. This practice is often done to limit wastage by using aliquots of the same RBC unit for transfusion of multiple neonates and also to reduce the risk of transfusing the wrong blood, given that obtaining samples in duplicate is a challenge, reverse testing for blood group is not possible, and that the names of neonates often frequently change. This practice also helps to ensure that blood transfused to neonates is compatible with both mother and baby. Not surprisingly, having a policy of providing group O blood exclusively to the neonate population was associated with an increased probability of transfusing group O RBC units to non-O recipients, even though only 4% of group O RBC transfusions to non-O recipients were found to occur in the NICU according to 21 participants who reported on location where such transfusions were issued. However, not all participants who provided data on hospital policy contributed their data on the disposition of RBC units (Part 2 of this study). The practice has been the focus of a small number of retrospective studies with outcomes that varied from suggesting potential harm 9 to showing no significant differences. 10 A high-quality prospective study might offer valuable insights into the safety of this commonplace practice. This study was limited by the sample size and by the retrospective study design. The majority of hospitals were academic centers. Even with 38 hospitals completing the survey and 30 of those contributing RBC transfusion data, the variability in size, populations served, and services offered made it difficult to identify strong associations between RBC transfusion practices, hospital characteristics, and transfusion policies. Our analysis did not include the group O units that were issued to recipients whose ABO group was unknown at the time that group O units were issued (as, in the emergency setting, often the ABO group was only identified later on) and this would have provided added insight. Twenty-one hospitals contributed to data on hospital transfusion patterns by location and 22 by indication, which limits applicability to all participating hospitals. The frequency of blood group O in each participant's local population was not captured so it is unknown whether this contributed to variation in group O RBC utilization.
In summary, this is the first time that the ABO/D of the RBC units and that of their recipients have been investigated on an international scale. A significant proportion of group O and D-RBC units were transfused to non-O, nonidentical recipients, although the frequency of this practice varied across sites. The optimal frequency of providing ABO-compatible but not ABO-identical RBC units has not yet been established and might depend on factors such as the hospital's policy for providing uncrossmatched emergency issue RBC units and their neonatal transfusion practices. The results of this study provide data and insights toward developing benchmarking for optimal compatible, nonidentical ABO/D transfusion practices. 
